Learning objectives
We have retrospectively analyzed the imaging findings of VMCs on ultrasonography (US), computed tomography (CT), magnetic resonance imaging (MRI), MR cholangiopancreatography (MRCP) in four patients, and discuss the different diagnosis with other related diseases.
Discerning the imaging characteristics of VMCs is desirable for the differential diagnosis, and thus reducing the needs for invasive methods such as biopsy or laparotomy.
Background
Biliary hamartomas also called as von Meyenburg complexes (VMCs) are benign liver malformations that histologically contain cystic dilated bile ducts within 15 mm in diameter surrounded by fibrous stroma [1] . They are usually uncovered by autopsy as an incidental finding. Detecting by imaging modalities is thought not to be easy because of their asymptomatic nature and small size [2] .
Imaging findings OR Procedure details
We shall describe four cases of VMC's, three men and one woman, with ages ranging from 59 to 73 years (mean, 65 years). Hepatic lesions were found incidentally when the patients underwent routine physical checkup by US, CT (n=1), screening for liver metastasis of a known colon adenocarcinoma by US, CT, MRI (n=2), and gallbladder colangiocarcinoma by US, CT, MRI and MRCP (n=1). All imaging studies including US, CT, and MRI were performed in three patients. Histologic confirmation was acquired in two patients. On US images, we found multiple small scattered hyper-echoic lesions with comet-tail echoes on both the right and left liver lobes with a diameter 2-15 mm ( Figure 1 ). When zoom function was used, some small hypo-echoic lesions were showed to be tiny cystic lesions with distal acoustic enhancement (comet-tail echoes) ( Figure 2 ).
The CT images showed multiple hypodense lesions with irregular and round shape ( Figure 3 ). After intravenous administration of contrast medium, all the lesions showed no enhancement, and the delineation of all the lesions became more conspicuous than on plain CT before intravenous administration of contrast medium (Figures 4 and 5 ).
MRI was performed in three cases. Multiple small hepatic lesions were demonstrated to be of low signal intensity on T1-weighed images and high signal intensity on T2weighed images ( Figures 6 and 7) . In one case, MRCP clearly portrayed few tiny irregularshaped and numerous round-shaped small hyper-intense nodules without comunication with intra-hepatic bile ducts ( Figure 8 ).
On histology, multiple dilated and tortuous bile ducts lined by a single layer of cubic epithelium surrounded by fibrous stroma not associated with vascular proliferation and contained bile-stained granular or amorphous materials were revealed in two cases, and the diagnosis of VMCs was confirmed.
Images for this section: Fig. 1 : B-mode US showed multiple small hyper-and hypoechoic lesions less than 15 mm in diameter with multiple comet-tail echoes. 
Conclusion
VMCs are congenital bile duct malformations due to the failure of embryonic involution [3] . The incidence of VMCs was estimated at 0.69-5.6% in autopsy series [4] . The most important clinical significance is that VMCs are easily misdiagnosed as multiple liver metastases on imaging [5] .
Imaging manifestations of VMCs are various. US findings have been described as hyperchoic, hypoechoic or mixed heterogenic echoic structures [2, 5] . These variations might reflect the histologic features of VMCs including dilated bile ducts and fibrocollagenous stroma. Some authors described the sign of multiple comet-tail echoes, and speculated that it might be the specific US finding of VMCs [2] . In our series, multiple small comet-tail echoes appeared in all cases. It manifested as posterior echo enhancement of the lesions, which might be due to the cystic feature of dilated bile duct and therefore resulted in good transmission of the sound beam. This evidence strongly suggests that the sign of multiple small comet-tail echoes is a unique US feature of VMCs, which have diagnostic value.
On plain CT images, almost all VMCs that had been reported were demonstrated to be multiple small hypodense lesions. While on enhanced CT images, no enhancement of the lesions was observed in most of the reported cases after intravenous administration of contrast medium [1, 2, 5] , as in our series. This phenomenon might correlate to the poor vascularity of VMCs described on histology [3] .
On MRI, VMCs, including our series, were revealed as hypo-intense on T1-weighed images and hyper-intense on T2-weighed images. MRCP has been considered to be highly sensitive in depicting intra-and extrahepatic bile duct anomalies and cystic lesions of the liver as well as their relationship with bile duct system [6] .
Although histological confirmation was obtained in only two cases in our series, typical imaging findings and relative long-time imaging follow-up that showed identical findings are strongly suggestive of VMCs. However, the case number in our series is small. Further observations on large series are still needed to clarify our stand. The spectrum of differential diagnosis of VMCs is fairly wide. However, the most important one is liver metastasis especially in patients with extrahepatic malignant tumors. Usually, multiple small metastases are ill defined on plain CT, and show various degrees of enhancement (such as rim enhancement) after intravenous administration of contrast medium. However, for difficult patients, final exclusion of metastatic lesions should still depend on liver biopsy or follow-up imaging studies [7] . As VMCs may coexist with simple hepatic cysts or polycystic liver and kidney diseases, sometimes it is difficult to make a definitive differentiation especially from polycystic liver disease on imaging. We are likely to approve simple hepatic cysts, when the lesions can be larger than 15 mm in diameter and round in shape [1, 2, 3] . Peribiliary cysts are multiple small cystic dilatations of the intrahepatic extramural peribiliary glands and should also be included in the differential diagnoses of VMCs. However, they are located generally in the hepatic hilum and along the larger portal tract [8] , which is different from the scattered distribution of VMCs. Micro-abscesses of the liver can be differentiated from VMCs by means of clinical and radiological data, such as fever, epigastralgia, leucocitosis, multiple round or loculated hypodense lesions on CT with peripheric contrast enhancement, and "target" appearance on US [9] . Furthermore, intrahepatic bile duct anomalies such as Caroli's disease can be readily distinguished from VMCs by imaging, especially MRCP that offers optimal visualization of the spatial relationship between hepatic lesions and intrahepatic bile ducts [10] .
In conclusion, imaging modalities are useful in the diagnosis and differential diagnosis of VMCs. Imaging findings, such as multiple small comet-tail echoes on US, multiple tiny hypodense lesions scattered throughout the liver with no enhancement on CT, and cystic nature with normal extra-and intrahepatic bile duct on MRI and MRCP, can be considered as typical or highly suggestive manifestations of VMCs. A correct diagnosis might be obtained when typical imaging findings are present even without a histological confirmation, that is necessary only in selected cases.
